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ABSTRACT 

The SpaceLiner fully reusable launcher and ultra-high-speed 

rocket-propelled passenger transport is in conceptual design 

phase. The ongoing concept evolution is addressing system 

aspects of the next configuration release 8. The challenge of the 

passenger stage SLP8 design is to find an aerodynamic shape that 

allows both long-range glide missions with good hypersonic L/D, 

as in the case of current SpaceLiner 7, and ballistic jumps outside 

the atmosphere over populated landmasses. 

 

The paper describes the latest architecture variation of the 

SpaceLiner 8 configuration still under definition. The focus is on 

the aerodynamic shape evaluation with search for trimmable 

designs in a very broad range of flight Mach-number and AoA. 

 

Some of the trajectories reach up to 120 km altitude and are in the 

transition regime from continuum to rarefied flow. Hence, 

dedicated DSMC-calculations are performed for selected high 

altitude points of the trajectory and obtained coefficients are to be 

included into a refined AEDB and will subsequently be checked 

on system impacts. The aerothermal issues are investigated along 

different full mission profiles and suitable thermal protection 

concepts are preliminarily sized and evaluated. 

 

Keywords: RLV, SpaceLiner, TSTO, aerodynamics, TPS, 

DSMC 

 

Nomenclature 

 

D Drag N 

Isp (mass) specific Impulse s  (N s / kg) 

L Lift N 

M Mach-number - 

T Thrust N 

W weight N 

g gravity acceleration m/s2 

m mass kg 

q dynamic pressure Pa 

v velocity  m/s 

 angle of attack - 

 flight path angle - 

 

Subscripts, Abbreviations 

 

AoA Angle of Attack 

BF Body Flap 

BL Boundary Layer 

CAD Computer Aided Design 

CFD Computational Fluid Dynamics 

DSMC Direct Simulation Monte-Carlo 

GLOW Gross Lift-Off Mass 

LEO Low Earth Orbit 

LH2 Liquid Hydrogen 

LOX Liquid Oxygen 

MECO Main Engine Cut Off 

MRR Mission Requirements Review 

RLV Reusable Launch Vehicle 

SI Structural Index 

SL SpaceLiner 

SLB SpaceLiner Booster stage 

SLC SpaceLiner Cabin 

SLME SpaceLiner Main Engine 

SLO SpaceLiner Orbiter stage 

SLP SpaceLiner Passenger stage 

TPS Thermal Protection System 

TSTO Two-Stage-To-Orbit 

TVC Thrust Vector Control 

CoG center of gravity 

cop center of pressure  

1 INTRODUCTION 

The key premise behind the original concept inception is that the 

SpaceLiner ultimately has the potential to enable sustainable low-

cost space transportation to orbit while at the same time revolu-

tionizing ultra-long-distance travel between different points on 

Earth. Manufacturing and operating cost of reusable launcher 

hardware should dramatically shrink by regular daily launches. 

Current routine operations of the SpaceX Falcon9 indicates the 

viability of this vision. 

 

DLR’s SpaceLiner concept is similar in certain aspects to the idea 

of multiple-mission reusable launch vehicles. These concepts are 

understood to serve quite diverse missions by the same or at least 

a similar vehicle. The most prominent example in this category is 

the SpaceX Starship&SuperHeavy [1, 2]. Recently, the Starship-

launch vehicle [3] has achieved significant progress in its flight 

testing. While in its primary role conceived as an ultrafast inter-

continental passenger transport, in its second role the SpaceLiner 

is intended as an RLV capable of delivering heavy payloads into 

orbit. Currently available simulations proof that the SpaceLiner 

orbital version stays within the load constraints of the PAX-

version which confirms feasibility of the multiple mission 

intention. 

 

First proposed in 2005 [4], the SpaceLiner is under constant 

development and descriptions of some major updates have been 

published since then [5, 6, 10, 12, 14]. The European Union’s 7th 

Research Framework Programme has supported several important 

aspects of multidisciplinary and multinational cooperation in the 

projects FAST20XX, CHATT, HIKARI, and HYPMOCES. In 

the EU’s Horizon 2020 program the project FALCon addressed 

the advanced return recovery mode “in-air-capturing” to be used 

by the reusable booster stage [7]. The way how such hypersonic 

point-to-point transports like SpaceLiner are to be integrated in 

future controlled airspace was addressed in the SESAR-project 

ECHO. The SpaceLiner has been one of the reference concepts 
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and its feasible intercontinental trajectories have been refined in 

dedicated analyses [21, 23]. 

 

At the end of 2012 with conclusion of FAST20XX the SpaceLiner 

7 reached a consolidated technical status. An important milestone 

was reached in 2016 with the successful completion of the 

Mission Requirements Review (MRR) which allows the concept 

to mature from research to structured development [6]. The 

Mission Requirements Document (MRD) is the baseline and 

starting point for all technical and programmatic follow-on 

activities of the SpaceLiner Program. In the same year the unman-

ned orbital stage (SLO) for cargo transport to space has been 

defined [6], making the concept a fully reusable TSTO to LEO. 

 

This paper does not intend on providing a complete technical 

overview of the SpaceLiner, but instead focusing on recent 

aerodynamic and aerothermal analyses. More extensive over-

views on the latest SpaceLiner technical definition including 

descriptions of the SpaceLiner 7’s consolidated technical status 

have been published in references 20 and 21. 

 

The parallel arrangement of SL7’s two reusable vehicles at lift-off 

is presented in e.g. references [6, 20, 21]: a large unmanned 

booster stage and a passenger or orbital upper stage. All 11 SLME 

engines are operating right from lift-off, 9 on the booster and 2 on 

the upper stage which is fed by propellant crossfeed in the mated 

section of the flight. External shapes of passenger and orbital 

configuration with satellite payload are almost identical. This 

approach intends enabling dramatic savings on development cost 

and moreover by manufacturing the vehicles on the same 

production line, also significantly lower hardware cost than would 

result for a dedicated new lay-out [6]. The internal arrangement of 

the upper stage is adapted to the specific mission with either a 

forward passenger cabin or a central cargo bay and adequately 

placed LOX-tank (see [6, 20]). The main dimensions of the 7-3 

booster configuration and passenger or orbiter stage are sum-

marized in [20, 21]. 

1.1 Preliminary shape and size of SL8 

The partially modified, potential lay-outs of the SpaceLiner 8 are 

shown in Figure 1 for the booster (SLB) and in Figure 2 for the 

reusable upper stage. Note, the configurations as visible do not yet 

represent a converged updated design but serve further refinement 

of subsystems or improvement of safety or mission performance. 

Some of these aspects are addressed in the subsequent chapters 2 

and 3. The baseline assumption of both stages being arranged in 

parallel during lift-off is unchanged in order to keep the overall 

length of the launcher in manageable size and continue propellant 

crossfeed between booster and upper stage. 

 

For the SLB 8 a deployable outer-wing option (Figure 1) has been 

checked on integration and mass impact [12]. A partially automa-

tic variation of parameters was implemented in an MDA approach 

in order to systematically search for feasible and promising lay-

outs shown in [12]. Instead of trailing edge flaps the inner segment 

had separate spoilers on its lower and upper surface.     

 

In the Iteration 3 of the SLB8 V3 design it has been decided to 

add an additional, 10th rocket engine to improve thrust-to-weight 

ratio at lift-off, thus, reducing gravity losses with almost similar 

ascent propellant mass compared to SLB7-3. The fuselage dia-

meter is increased to 8.8 m. As a consequence, the stage length 

reduces to 79.1 m. Span with deployed outer segment reaches 53.8 

m while the span of retracted wing is reduced to merely 28.8 m. 

 

The upper stage has been subjected to an intensive shape variation 

and optimization process of the wing described in detail in [18, 

19]. The fuselage of the preliminary variant O40-0042 (Figure 2) 

remains unchanged to SLP7 while the wing span and its overall 

surface have been significantly reduced. An adaptation also of the 

fuselage is likely but requires as first step the selection of a pro-

mising new design of the passenger capsule (SLC) [14, 21]. 

Recent results of ongoing systematic investigations for improving 

the aerodynamic characteristics of the SLC are reported in [24].  

 

 
Figure 1: Drawing of preliminary SLB8 variant V3 It. 3 with sweep-wing in stored (top) and deployed 

(center) position 
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Figure 2: Drawing of preliminary SLP8 variant O40-0042  

 

1.2 Main propulsion system 

Staged combustion cycle rocket engines with a moderate 16 MPa 

chamber pressure have been selected as the baseline propulsion 

system right at the beginning of the project [4]. A Full-Flow 

Staged Combustion Cycle with a fuel-rich preburner gas turbine 

driving the LH2-pump and an oxidizer-rich preburner gas turbine 

driving the LOX-pump is the preferred design solution for the 

SpaceLiner [6]. The expansion ratios of the booster and passenger 

stage/orbiter engines are adapted to their respective optimums; 

while the mass flow, turbo-machinery, and combustion chamber 

are assumed to remain identical in the baseline configuration.  

 
The SLME has the requirement of vacuum thrust up to 2350 kN 

and sea-level thrust of 2100 kN for the booster engine and 2400 

kN, 2000 kN respectively for the passenger stage. Data of the 

nominal operational MR-range from 6.5 to 5.5. are listed in [13, 

21].  

 

The size of the SLME in the smaller booster configuration is a 

maximum diameter of 1800 mm and overall length of 2982 mm. 

The larger passenger stage SLME has a maximum diameter of 

2370 mm and overall length of 3893 mm. A size comparison of 

the two variants is shown in e.g. [20] and the current arrangement 

of the engine components is published in [13]. All engines have a 

2D TVC capability, electro-mechanically actuated. 

 

The engine masses are estimated at 3500 kg with the large nozzle 

for the passenger stage and at 3218 kg for the booster stage. These 

values are equivalent to vacuum T/W at MR=6.0 of 65.9 and 69.7. 

Some optimization potential exists, mainly with elimination of 

high-pressure LOX-lines by introducing an advanced annular ox-

rich powerhead [13]. 

1.3 Launcher system masses 

Based on available subsystem sizing and empirical mass estima-

tion relationships the booster and passenger stage masses are 

derived. The SpaceLiner 7-3’s GLOW reaches about 1832 Mg for 

the reference mission Australia – Europe while the TSTO is at 

1807 Mg (compare e.g. [20, 21]) still below that of the Space 

Shuttle STS of more than 2000 Mg.  

 

The SpaceLiner 8 might see a slight increase in GLOW, although, 

any real assessment is too early before the designs are consolida-

ted. The component-level mass estimations allow for a relatively 

accurate calculation of the CoG-positions.    

 

2 PRELIMINARY AERODYNAMIC DESIGN OF 

SPACELINER 8  

The architecture variation of the SpaceLiner 8 configuration is 

still ongoing. The aerodynamic shape evaluation is primarily 

governed by the search for trimmable designs in a very broad 

range of flight Mach-number and AoA as already considered for 

SpaceLiner 7 [10]. The SL8 designs are more demanding because 

additional aspects are to be integrated: The biplane architecture of 

the mated launch configuration (shown in e.g. [6, 12, 14, 20, 21]) 

is problematic because of complex high-speed flow interactions 

of the two stages during ascent flight. Both, the complicated flow 

of the launch configuration and shock-shock interaction during 

booster reentry have motivated the investigation of potential 

geometry changes and improvements to the SpaceLiner booster 

wing geometry. Further, the passenger stage should not only 

achieve good hypersonic L/D (as with SLP7 [10]) but also should 

be capable of reentry with elevated AoA while fully trimmable. 

Therefore, a compromise has to be found enabling good mission 

performance for multiple connections [18, 19, 21]. 

Some of the new point-to-point trajectories of SL8 reach almost 

up to 120 km altitude [19, 21].and are in the transition regime from 

continuum to rarefied flow. Hence, dedicated DSMC-calculations 

are to be performed for selected high altitude points of the trajec-

tory and obtained coefficients are subsequently to be checked on 

system impacts as achievable range or heatflux.  

 

Although, the study for the next SpaceLiner 8 design targeting 

major improvements is ongoing without yet any downselection 

performed, important intermediate results of its aerodynamic 

definition are presented in the following sections. 

2.1 SLB8 

In order to reduce biplane flow interactions during ascent and to 

avoid the shock-shock-interaction on the outboard leading edge, a 

drastically reduced size of the SLB wing had been investigated as 

a first proposal for the Booster, called SLB8V2. Such a small wing 

will not be sufficient for horizontal landing of the RLV-stage. L/D 

is also not satisfactory to allow the tow-back using the “in-air-

capturing”-technique. Consequently, the SLB8V2 would need to 

be designed for vertical downrange landing on a sea-going ship, 

not compliant with the preferred operational model. 
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As the vertical landing SLB8V2 turned out to be not fully con-

vincing, alternative designs have been explored [12]. It has been 

tried to maintain the promising hypersonic aerodynamic confi-

guration with small fixed wings, however, in order to allow the 

stage to use “in-air-capturing” [7] and horizontal landing, deploy-

able wing options have been checked on integration and mass 

impact [12]. The challenge of this design is finding a suitable 

combination of different wing shapes which achieve a sufficiently 

high trimmed subsonic L/D, acceptable landing speed but also 

being fully trimmable in hypersonic flight at high-angles of attack.  

 

A partially automatic variation of parameters was implemented in 

a multi-disciplinary design analysis (MDA) approach including 

subsonic as well as hypersonic aerodynamics, structural pre-

design and mass estimation and reentry flight dynamics. The 

systematic search for feasible and promising lay-outs is described 

in [12].  

 

A variable sweep wing configuration has been studied for SLB8-

V3 which in its stored position is only partially protected by the 

fixed segment and the tip section extending backwards (Figure 1, 

top). This might be a useful feature for the generation of lift at the 

vehicle’s aft end supporting hypersonic trim requirements. The 

SLB8-V3 includes an inner fixed part of the wing comparable in 

size and geometry to the V2 which itself generates sufficient lift 

in hypersonic, high AoA flight. Bow-shock interaction with the 

outboard leading edge can be avoided and biplane flow effects 

during ascent are reduced.  

 

The integration of the outer wing segment inside the inner part is 

essential for the technical feasibility and has been preliminarily 

analyzed in CAD [12]. The connecting and pivot-point of the 

outer part is positioned behind the leading-edge box close to the 

maximum thickness of the fixed inner airfoil. The trailing edge of 

the inner part is kept open to allow the sweeping part to be stored. 

Consequently, instead of trailing edge flaps the inner segment has 

separate spoilers on its lower surface. 

 

A map of L/D-ratios calculated with surface inclination method in 

the broad range of Mach-numbers 4 to 13 and AoA from -5° to 

45° is shown under fully turbulent assumption in Figure 3. A sig-

nificant positive spoiler and bodyflap deflection of around 10° and 

20° would be required to reach roughly a trimmed state. Then the 

configuration is neutral or marginally stable at best with some un-

certainty on the actual pressure distribution due to a strong sepa-

rated shock in front of the vehicle in case of high AoA-flight.  

 
Figure 3: Calculated hypersonic L/D ratio of SLB8 V3, spoiler 

deflection angle η= 10°, BF deflection 20° 

In the lower supersonic flight regime and in the subsonics the 

SLB8 should be operated with the outer wing segment fully de-

ployed (Figure 1, center). In an early assessment of the subsonic 

characteristics, empirical estimation methods have been used. 

Assuming at the time of analyses [22], a negative (upward) spoiler 

deflection η of -11° on the main wing could reach a pre-trimmed 

state with the bodyflap neutral. The maximum L/D ratio might be 

around 6 at Mach numbers below 0.5 and AoA of 10° (Figure 4). 

At higher angles of attack the wing might encounter flow separa-

tion and, hence, this region is to be avoided.   

 
Figure 4: Calculated trimmed, subsonic L/D ratios of SLB8 

V3 with assumed negative spoiler deflection on wing upper 

side [22] 

Pre-trim calculations based on the empirical aerodynamic 

methods should be treated with some caution. Therefore, the 

SLB8 V3 had been analyzed in subsonics at selected flight points 

also using the OpenFOAM (OF) tool under inviscid assumptions. 

In Figure 5 the obtained lift-to-drag ratios are compared to the 

empirically based calculation (CAC). Lift-curve slope is found 

very similar by both methods [22]. The drag coefficient values in 

this example are based in both cases on empirical relations. Under 

these circumstances, the CFD results deliver glide ratios of not 

more than 5.0 at the angles of attack 10° and 14°.  

 
Figure 5: Comparison of CFD-derived and empirically calcu-

lated L/D ratios of SLB8 V3 at Mach 0.5 [22] 

The somehow sobering results demonstrate the challenge of 

achieving improved trimmed L/D in subsonic flight which, how-

ever, is essential for making the “in-air-capturing” recovery of the 

heavy RLV with empty weight above 200 tons feasible with 

existing aircraft. As this requirement is not fulfilled with the SLB7 

[21], further improvements are to be investigated or alternative 

recovery solutions to be implemented. Trim behaviour in hyper-

sonics could be enhanced with shorter fuselage of increased 

diameter. The SLB8-V3, nevertheless, is useful for evaluating in-

tegration of advanced TPS (section 3.1 below) and testing differ-

rent aerodynamic shapes. A converged SpaceLiner 8 booster is 

likely to have significantly different shape to the one shown in 

Figure 1.  

2.2 SLP8 / SLO8 

Even more than the booster, the upper stage has been subject to 

extensive MDAO of its wing position and planform [18, 19] while 

its fuselage’s external surface and internal tank arrangement was 

left untouched in the first step. The passenger capsule CoG-

assumptions are already considering the baseline modifications of 

SLC8 as explained in [20, 21]. Later, more radical changes of the 
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SLC [24] are unlikely to be compatible with the SLP7 fuselage 

and together with different tank lay-out will see another, possibly 

more radical MDAO-loop in the future.  

 

Figure 6 shows a direct comparison between the wing planform 

of the preselected SLP8 variant O40-0042 with respect to the 

SLP7. The major reduction in wing area is obvious. The SLP8 

candidate has more forward-shifted wings, which provide better 

trim performance (improved relative position between the CoG 

and the hypersonic cop). In fact, this vehicle can generate more 

lift at hypersonic velocities than the SLP7 despite its smaller 

wings as it is trimmable up to at least 40° of angle of attack at 

reference Mach number 14 (while the SLP7 only up to 28°). [19] 

 
Figure 6: Comparison between wing planform geometries of 

SLP7 (left) and SLP8 candidate (right) [19] 

The SLP8 variant’s aerodynamic performance in high-speed flight 

remains impressing despite the assumptions of reduced wing size 

but untouched fuselage compared to SLP7 (of which selected data 

was published in e.g. [10]). The map of L/D-ratios calculated with 

surface inclination method in the very broad range of Mach-

numbers 4 to 28 and AoA from -4° to 44° is presented in Figure 

7. The supposed deflections of the data in this plot are close to 

achieve longitudinally stable, trimmed conditions at angles of 

attack of around 40°. Following a typical flight profile, the boun-

dary layer transition occurs below Mach 14 and 58 km while 

above the BL is assumed as staying mostly laminar.  

 
Figure 7: Calculated hypersonic L/D ratio of SLP8 variant 

O40-0042, flap deflection angle η= -20°, BF deflection -10° 

The landing speed subsonic aerodynamics need to be considered 

to confirm practical feasibility of the much smaller size wing in 

the full flight regime. Inviscid Euler calculations with Open-

FOAM have been used to check preliminary MDAO-results based 

on empirical relations. Subsonic flow conditions of the SLP8 

variant O40-0042 at landing approach speed of Mach 0.3 are 

presented in Figure 8. A leading-edge vortex on the upper surface 

being typical for delta wings under such environments is clearly 

visible. These vortices are responsible for the additional lift at 

high AoA conditions and have an important effect on surface 

pressure distribution and hence pitch moment coefficient cM [21]. 

For two analyzed flap deflections of 10° and 25° the trimmed state 

is reached for AoA of 7.5° and 13° respectively. This corresponds 

to landing speeds of 98 m/s and 71 m/s assuming a typical landing 

mass of 122 t. [19], both compliant with the speed limit set to 100 

m/s. The SLP8 variant O40-0042 is longitudinally unstable in 

subsonics under the current estimation of its likely CoG-position. 

 

The MDAO-process of the aerodynamic configuration of SLP8 

has been very successful with variant O40-0042 showing promi-

sing characteristics and being feasible in the complete flight re-

gime. Nevertheless, the SLP8 is not yet frozen because the fuse-

lage might see major adaptations due to an update of the capsule 

and different propellant loading and hence different tank lay-out. 

 

 
Figure 8: Computed flow field on SLP8 variant O40-

0042 in subsonics close to landing conditions (M= 0.3 / 

AoA = 20°) 

2.3 SLP8 in rarefied flow regime 

At high altitude, the wall heating is generally very low compared 

to the one encountered in continuum regime and is thus non-

dimensioning for the system. However, to assess the flying quality 

and ensure a correct trajectory prediction, the aerodynamic force 

and moment coefficients must be predicted for the whole flight, 

from the take-off to the landing. 

 

The best adapted numerical approach (CFD or Direct Simulation 

Monte-Carlo (DSMC)) to simulate the flow must be chosen in 

function of the Knudsen number Kn, which describes the rare-

faction level of the flow. The Knudsen number is defined as the 

ratio between the molecular mean free path length and a reference 

length Lref. According to the selected reference length, the Kn 

value can be significantly different. For the passenger stage SLP, 

the nose radius s around 0.2 m, while the total length of the vehicle 

is 65 m. In this case, two radically different Knudsen numbers 

indicate different levels of rarefaction of the flow at a given 

altitude, as illustrated in Table 1.  

 

Table 1: Flight points under investigation for SLP8 ballistic 

arcs and corresponding Kn-numbers 

Altitude 

(km) 

Mach 

number 

Kn 

(Lref = 65 m) 

Kn 

(Lref = 0.2 m) 

AoA 

(°) 

108.13 25.30 8.74 x 10-3 2.84 22.3 

102.14 26.82 3.15 x 10-3 1.02 8.7 

101.42 26.93 2.79 x 10-3 0.91 31.8 

 

The flow is considered to be in a continuum regime when Kn < 

0.001. When 0.001 < Kn < 0.1, the gas is in a slip flow regime and 

transitional non-equilibrium is important only near the surfaces. 

Finally, the regime is said to be transitional for 0.1 < Kn < 10. In 

this regime, intermolecular collisions effects start to be signifi-

cant, but not enough to reach a local equilibrium. In continuum 

regime, Navier-Stokes codes are used to simulate the flow. In slip 

flow regime, DSMC or CFD simulations with slip boundary con-

ditions at the wall should be employed. In other cases, Navier-

Stokes conservation equations are no more valid and particle 

methods, as DSMC, must be used. 

 

The numerical simulations of SLP8 to be performed in the rarefied 

flow conditions of Table 1 are very challenging: 

• The flow around the SLP is expected to be in thermo-

chemical non-equilibrium, having between 5 (O2, N2, O, 
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N, NO) and 11 gas species (O2, N2, O, N, NO, O2
+, N2

+, 

O+, N+, NO+, e-); 

• The vehicle size leads to the generation of large meshes, 

with a minimum of 50 million elements, requiring 

substantial CPU-times; 

• Due to the geometric characteristics of the vehicle, the 

flow can be locally rarefied or continuous, leading to 

uncertainty about the appropriate numerical method to 

be used; 

• The Navier-Stokes and DSMC methods are within their 

limits of application in the flow regimes considered if 

Lref = 65 m is considered to calculate the Knudsen 

number. The two methods may both be used in this case, 

but at the expense of huge CPU-times and still uncer-

tainties on the obtained results. 

 

In a preliminary investigation, both CFD and DSMC simulations 

are in progress for the 2nd flight point (102 km; Mach 26.82; 𝛼 =
8.7°). For the DSMC-simulations, the computational domain was 

defined as a large box whose size is sufficient to ensure that the 

freestream conditions can be imposed at the inlet and supersonic 

conditions are reached at the outlet. The surface mesh used for our 

simulation and realized with CENTAUR is illustrated in Figure 9. 

 

 
Figure 9: SLP8 surface mesh with 393,458 elements for 

DSMC-simulation 

For the CFD-computation, the volume mesh generated with 

CENTAUR is shown in Figure 10. These 3D unstructured meshes 

are composed of prismatic and tetrahedral cells. The exact 

position of the shock is captured in a highly refined zone, com-

posed of prismatic layers. To properly capture the gradients at the 

wall, prismatic layers have been prescribed near the wall: the size 

of the first cell being 1 μm with a stretching ratio of 1.2. 

 
Figure 10: SLP8 surface and volume mesh with more than 50 

million elements for CFD simulation 

 

3  AEROTHERMAL ANALYSES AND THERMAL 

PROTECTION SYSTEM 

The aerothermal issues have been investigated along different full 

mission profiles and suitable thermal protection concepts are 

preliminarily sized and evaluated. DLR-SART has been using its 

significantly improved TPS-system sizing tool TOP in version 3 

which is optimizing the insulation layer in 1D- heat conduction 

analysis of user-defined material stacks for individual surface 

temperature ranges. A new feature of the tool is a quasi-coupled 

simulation, iterating the external temperatures of the TPS while 

also considering the heatflux into TPS and underlying structure. 

The insulation thickness is adapted such that a preset limit tempe-

rature of a selected internal layer is never exceeded during the 

mission.   

3.1 SLB8 

Selection of suitable TPS materials requires the knowledge of the 

surface temperature distribution which is calculated for the classic 

adiabatic equilibrium case. However, this computation is not only 

done for a single flight point (e.g. at maximum stagnation point 

heatflux) but along the full mission trajectory. The rapidly 

changing AoA-history in critical parts of the mission is taken into 

account and thus the actual dimensioning maximum temperatures 

are considered, not necessarily all reached at the same flight con-

dition. Figure 11 shows the expected equilibrium temperature 

distribution of SLB8 with almost 2000 K in the small leading-

edge area and on the deflected spoiler on the lower side of the 

wing and on the bodyflap. Large areas on the upper side of SLB8 

see maximum temperatures not exceeding 400 K to 600 K.   

 
Figure 11: Calculated dimensioning equilibrium tempera-

tures on SLB8 V3 external surface shown in reentry 

configuration 

A critical aspect for RLVs like the SpaceLiner is the selection of 

reusable cryogenic tank insulation which works under multiple 

environmental conditions. Independent of weather conditions 

(e.g. temperature, humidity) effective insulation needs to be 

ensured and icing on the vehicle external surface is to be avoided. 

DLR has performed systematic research on promising combi-

nations of insulation and reentry TPS for which the SLB7-3 

served as the reference system concept. The booster stage’s 

reusable cryogenic tank insulation has been investigated under 

consideration of the external TPS by numerical simulation and 

ground experiments [16, 17].  

 

The pre-selected design option includes a so-called purge gap 

creating a distinct gap between the insulation of the cryogenic tank 

and the external thermal protection system, which has to be 

resistant to temperatures beyond typical limits of cryo-insulations. 

This relatively complex combination of external TPS and cryo-

genic insulation has been selected in order to avoid icing even in 

humid and relatively cold environment. In the gap a forced flow 

of pre-heated dry gas is providing a controlled boundary condition 

at the outer interface of the cryogenic insulation. A description of 

the purged insulation for metallic integral cryogenic tanks on RLV 

is publicized in [16, 17]. 

 

Numerical and experimental results from the DLR projects 

AKIRA and TRANSIENT demonstrate the reusable insulation 

concept is functioning [16, 17], however, a mass impact on the 

SLB stage is expected compared to earlier SLB7 suppositions. 

This effect is due to the increased weight per surface area but also 

by the reduced available volume for propellants inside the SLB 
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because of the enlarged thermal protection thickness compared to 

the previous assumptions. 

 

At the end of the AKIRA-project the newly defined purge-gap 

TPS has been applied to the SLB8 V3-variant. A TPS with 

external metallic surface (either Inconel or Titanium or Aluminum 

depending on the expected maximum temperatures) has been 

assumed. The preliminary TPS type distribution of SLB8 is shown 

in Figure 12. Almost the complete fuselage is protected by the 

metallic TPS with gap. The only exception is the nose cone which 

is a separate structure ahead of the forward LOX-tank dome. The 

wing, fin, spoiler and flaps have a more classical TPS-lay-out. The 

upper side of the wing could be sized as metallic hot-structure 

with large areas not requiring insulation. The lower side of the 

wing and in particular the deflected spoiler and bodyflap expe-

rience most of the heatloads and could reach temperatures close 

to 2000 K for short periods. Ceramic materials are to be selected. 

In case of spoiler and bodyflap, probably no major insulation layer 

will be required with CMC supported by steel frames on the lee-

ward side. Detailed investigations of this concept have not yet 

been performed.  

 
Figure 12: TPS-type distribution on SLB8 V3 in views of top 

and bottom side 

3.2 SLP8 / SLO8 

The external thermal protection has also been preliminarily 

defined for the SLP8 following the SL7 pre-selection (e.g. [9, 

11]). Figure 13 shows the TPS distribution on the upper and lower 

surface based on selected SL8 reference trajectories and 

subsequent iterative sizing. The windward side is protected by 

CMC with variable insulation thickness in the internal layers 

while for the upper surface TABI or AFRSI has been selected 

similar to the Space Shuttle.  

 

A small area at the nose and leading edges including the fin needs 

active cooling and is labeled “Not defined” in Figure 13. This 

actively cooled section has been an important element of the 

SpaceLiner concept since the early days of the vision [5]. 

Different cooling ideas have been evaluated and tested in 

windtunnel conditions with focus on transpiration methods in the 

beginning. An overview on the active cooling types considered 

for the SpaceLiner is found in [11, 15]. 

 
Figure 13: Preliminary distribution of TPS-types on 

SLP8 variant O40-0042 in views of top and bottom side 

 

4 CONCLUSION 

The DLR proposed reusable winged rocket SpaceLiner for very 

high-speed intercontinental passenger transport is progressing in 

its conceptual design phase. Research activities have shifted 

towards the next configuration level 8 with the ambition to 

address remaining open critical points. Both stages of the TSTO 

are under redesign evaluation. Results of promising concepts in 

the field of aerodynamic and aerothermodynamic behavior are 

summarized.  

 

A key target for both new stages is the reduction of wing size 

while at the same time keeping essential characteristics of the 

SpaceLiner 7. This approach should reduce vehicle dry masses 

and at the same time minimize the flow interactions between the 

stages in parallel arrangement during mated ascent. 

 

The large unmanned booster stage (SLB) has been studied with a 

partially sweep-wing design. The movable outboard wing seg-

ments are stored during ascent and in hypersonic reentry and 

would be deployed in the lower speed regime. Although this 

concept is showing some promising features, the trim characte-

ristics in high-speed flight and the achievable glide ratios in 

subsonic flight are not yet satisfactory. Further, on the downside, 

the mechanical architecture of the large movable elements will 

add dry mass. 

 

The upper or passenger stage (SLP) has been subjected to an 

extensive MDAO-process delivering an aerodynamic configura-

tion showing very promising characteristics and being flyable in 

the complete operational regime. Nevertheless, also the SLP8 

might see major adaptations in the future due to an update of the 

passenger capsule and different, refined tank lay-out. 

    

The SpaceLiner 8 definition is not yet completed but technically 

and operationally promising approaches are identified and major 

steps forward are evident.  
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